Context: The body of knowledge concerning shoulder kinematics in patients with rotator cuff tears is increasing. However, the level of understanding regarding how pain and tear size affect these kinematic patterns is minimal.
N Scapulohumeral rhythm increased as tear size increased. N Pain was an independent predictor of SHR; however, tear size and the interaction between pain and tear size contributed to but were not predictors of SHR.
A ltered shoulder kinematic patterns have been well documented in patients with shoulder pathologies. [1] [2] [3] [4] [5] [6] [7] [8] [9] An increased reliance on scapular contribution to overall shoulder motion has been identified in patients with rotator cuff tears (RCTs). 6, 7, 9 It has been speculated that the elevated scapular contribution could serve to improve the length-tension relationships of the deltoid and unaffected cuff muscles in order to generate the forces necessary for shoulder motion; to enhance clearance of the acromion, limiting compression of the cuff and the resultant pain; or to compensate for weakness and pain associated with the tear. 6, 7, 9 The level of awareness of shoulder kinematics in patients with full-thickness RCTs is increasing, but the understanding of how pain and tear size affect these kinematic patterns is minimal. 1, 7, 9, 10 There is some evidence that would suggest that there is a difference in the shoulder kinematic patterns exhibited by shoulder impingement patients. 6 However, it is unclear if the amount of pain or even the degree of change in pain levels affects scapulothoracic and glenohumeral (GH) joint function. Similarly, clinicians have a limited understanding of the impact that the RCT, and specifically the size of the tear itself, has on shoulder kinematic function.
The overall goal of our study was to develop a better understanding of the coordinated movement of the scapula and humerus during humeral elevation and lowering activities in patients with full-thickness RCTs. The data regarding changes in scapulohumeral rhythm (SHR) after a reduction in pain have been presented in a previous article, 10 but the purpose of this segment of our study was to address 4 different hypotheses. First, we hypothesized that a positive relationship exists between pain and SHR and results in an increase in scapular contributions to humeral elevation. Second, we hypothesized that a direct relationship also exists between the changes in pain (from preinjection to postinjection of medication) and the change in SHR. Third, we hypothesized that a relationship exists between tear size and SHR. Fourth, we hypothesized that pain and tear size serve both independently and collectively as predictors of SHR. We believed that the extent of the cuff tear and pain associated with it would affect movement of the scapula and humerus and that altering those pain levels would result in a decreased reliance on scapulothoracic contributions to overall humeral elevation.
METHODS
A sample of 15 patients (mean age, 60.2 6 8.9 years [range, 40-75 years] ; mean height, 1.72 6 0.10 m; mean mass, 85.43 6 18.32 kg; 9 men and 6 women) who were diagnosed with a chronic (.3 months) full-thickness RCT, measuring at least 1 cm 2 , confirmed by sonographic or magnetic resonance imaging, was studied. Patients were identified through a search of the patient records. The sample included 8 individuals with moderate tears (1 to ,3 cm), 3 with large tears ($3 to 5 cm), and 4 with massive tears (.5 cm). 11 Of the patients, 9 had supraspinatus tears only, 1 had a subscapularis tear only, 4 had supraspinatus and infraspinatus tears, and 1 had supraspinatus, infraspinatus, and subscapularis tears. The sample size was determined through a power analysis conducted on data from a previous study. 6 The study was powered to 80% with an effect size of 50%. Inclusion criteria were fullthickness RCT patients having typical signs and symptoms associated with shoulder impingement and rotator cuff tendinopathy for 3 months or more. Patients were excluded if they exhibited any neurologic condition resulting in muscle weakness or decreased range of motion, had any additional shoulder pathology thought to alter their shoulder kinematics, had a history of prior shoulder surgery, were diagnosed with rheumatoid arthritis, were currently pregnant, or exhibited any contraindications associated with the use of lidocaine.
All subjects completed the informed consent document approved by the University of Michigan Institutional Review Board for Human Subject Research (Ann Arbor, MI). They also completed the patient portion of the American Shoulder and Elbow Surgeons shoulder assessment questionnaire. 12 Patients rated their current shoulder pain on a visual analog scale (range from 0 to 10) and their symptoms and level of function by use of the American Shoulder and Elbow Surgeons questionnaire. They rated their pain before the testing protocol and again after the subacromial lidocaine injection.
Before data collection, we also measured range of motion in the shoulder and strength. Range of motion was assessed both actively and passively for shoulder flexion, abduction, internal rotation, and external rotation (Table 1) . Manual muscle testing was also performed for all strength measures. The patients demonstrated weakness (5/5) in each of the ranges. Sixty percent exhibited weakness with flexion; 73%, with abduction; 86%, with external rotation; and 73%, with internal rotation.
To acquire shoulder kinematic data, sensors from the MotionStar electromagnetic tracking system (Ascension Technology, Burlington, VT) were attached to the sternum, scapula, humerus, and wrist on the involved side. The sternum and wrist sensors were attached with double-sided tape. A humeral cuff was used to measure the movements of the humerus, 13 whereas a scapula tracker followed the motion of the scapula. 14 The system transmitter was rigidly fixed to a wooden chair (devoid of all metal), and a digitizing probe was used to digitize reference landmarks. 15 Raw kinematic data were collected at 100 Hz by use of the MotionStar electromagnetic tracking system (a multiplesensor implementation of the Flock of Birds technology [Ascension Technology]) and the MotionMonitor software package (Innovative Sports Technology, Chicago, IL). A short-range transmitter was used to minimize measurement error, and the sensors were kept within 75 cm of the transmitter. Metal mapping was performed before each data collection session to compensate for any potential interference caused by existing metal within the testing area. Corrections from the mapping session were accounted for during the data collection sessions by the MotionMonitor software. To aid in the data collection and postprocessing, triggers were attached to the targets, one on the bottom target and one on the top target. The triggers used were pressure-sensitive electric switches that, when depressed through an analog signal, interrupted data collection via the MotionMonitor data system. When the subject's hand was removed from the trigger, the MotionMonitor system would immediately resume humeral elevation and lowering data collection. With the inclusion of the triggers on the targets, it was possible to determine when the subject initiated the motion, reached the desired point of humeral elevation, initiated the return, and returned to the starting position. By using the triggers, we were certain that the desired data had been captured in its entirety through the complete arc of motion that we were assessing.
By use of the digitizing probe, 15 anatomic landmarks were digitized to construct the local 3-dimensional anatomic coordinate system necessary to compute the Euler angles of the individual bony segments. With the use of these landmarks and the local anatomic coordinate systems of each bony segment, the position, orientation, and displacement of the individual coordinate systems, with respect to one another, can be calculated. The digitization process, the specific landmarks, and the rotation matrices used to calculate these angles were based on the recommendation of the International Society of Biomechanics and the specifications of the humeral cuff. 13, 16 To complete the patient setup, targets were set at arm's length and positioned so that subjects, during the humeral elevation tasks, would be performing sagittal-, scapular-, and frontal-plane elevation. The scapular plane was defined as the plane 306 anterior to the frontal plane. The height of the targets was set relative to subject anthropometry, with the top target set at the height of the subject's chin, while standing, and the bottom target set to the height of the superior pole of the patella, while the subject was seated ( Figure 1) . A lap belt was also used to limit the movement of the hips and upper torso during setup and testing. Shoulder kinematic data were collected before and after a subacromial lidocaine injection. For the preinjection kinematic data acquisition, the initial plane of motion was systematically randomized for each subject. The pressuresensitive triggers on each target were designed to accommodate the palmar and dorsal surfaces of the hand when they came into contact. The use of the triggers in the study setup did not require the subjects to stray from the desired plane or arc of elevation and lowering. They began each humeral elevation task with their fingers depressing the trigger on the bottom target and, when instructed, proceeded to move at a self-selected, comfortable pace to the top target. On reaching the top target, they activated the trigger on the target and then returned their hand to the starting position. The triggers were designed to turn off and on as the hand left and came into contact with the trigger, respectively. Both target triggers were electrically interfaced with the data collection system to determine when the hand left or reached the target. Using the triggers, we were certain that the desired data had been captured in their entirety through the complete arc of motion being assessed. Each subject practiced the elevation task for each plane 3 times, allowing them to gain comfort and familiarity with the various motions. After the practice trials, they performed shoulder elevation and lowering in each of the corresponding planes 3 times, with 10 seconds' rest between repetitions and 3 minutes' rest between planes.
The subjects received a subacromial injection in the involved shoulder after the initial kinematic data acquisition. To prevent potential adverse reactions to the injection, they were carefully questioned about medication allergies and reactions to lidocaine and other commonly used local anesthetics before study enrollment and again before the time of injection. A clinician performed the injections using a standard sterile technique. No additional modalities were used to ensure needle placement. However, a posterior approach was used to assist in the identification of appropriate placement of the injection within the subacromial space. The subject's subacromial space was identified by palpating the spine of the scapula and following it laterally until the posterior angle of the acromion and lateral border of the acromion were palpable. After identifying the posterior angle of the acromion, the clinician palpated the sulcus just inferior to the posterior angle of the acromion (approximately 1 to 1.5 cm directly caudal to the acromion) and prepared the skin 3 times with povidone-iodine solution. The clinician applied gentle caudal traction to the humerus at the elbow with the shoulder in neutral rotation. A 10-mL syringe with a 1.5-in (3.81-cm) 22-gauge needle was used to deliver 10 mL of 1% lidocaine into the subacromial space. The lidocaine was injected toward the position of the coracoid on the anterior aspect of the shoulder. Patients undergoing this procedure are expected to experience a decrease in pain within 5 minutes of having received the injection, with the effects lasting from 1 to 3 hours. 17 After the injection, the subjects were provided with a 10-minute rest period to adapt to the decrease in pain associated with the injection. During this rest period, they moved the involved arm, gradually increasing the amplitude to circulate the medication and to acclimate to the decreased sensation of pain. After the rest period, they were allotted 5 minutes to rerate their pain level using the aforementioned visual analog scale. At the conclusion of the standardized rest period and pain level rating, the shoulder elevation protocol was repeated.
Data Processing
The independent variables for the study included pain (preinjection [initial pain level] and postinjection [final pain level]), which was measured with the visual analog scale, and tear size. The change in pain was calculated as the difference between preinjection and postinjection. The dependent measure was SHR. Included in the SHR measures were SHR for anterior-posterior tilt (SHR AP Tilt ), medial-lateral tilt (SHR ML Tilt ), and scapular upwarddownward rotation (SHR Rotation ). Scapulohumeral rhythm for humeral elevation was defined by the ratio of the specified scapular motion observed during humeral elevation (posterior tilt, medial tilt, or upward rotation) to GH elevation, and SHR for humeral lowering was defined by the ratio of scapular motion observed for humeral lowering (anterior tilt, lateral tilt, or downward rotation) to GH lowering.
To calculate scapular and humeral kinematics, Euler angles were computed from the MotionStar sensor data, after capture via the MotionMonitor system and reduction through custom MATLAB processing code (The MathWorks, Natick, MA). Data were smoothed by use of a 2-way, low-pass, fourth-order Butterworth filter with an 8-Hz cutoff frequency. 6, 18 The digitized landmarks, segmental anatomic coordinate systems, and Euler angles used were those proposed and adopted by the International Society of Biomechanics. 19 For the purposes of our study, humeral elevation and scapular motion were assessed with respect to the sternum. Scapular anterior-posterior tilt was defined as scapular motion with respect to the sternum about an axis directed horizontally relative to the scapular plane, whereas scapular medial tilt and scapular lateral tilt occurred about an axis directed vertically relative to the plane of the scapula. Scapular upward rotation and downward rotation were defined as scapular motion with respect to the sternum about an axis directed anteriorly relative to the plane of the scapula. GH joint elevation was defined by motion of the humerus with respect to the scapula.
Because of the anthropometric variability, although the subjects performed similar arcs of humeral elevation and lowering, the data were divided into 3 equal phases for both elevation and lowering to compare the data between subjects ( Figure 2 ). Ultimately, 6 phases were defined. The humeral elevation arc was divided into 3 equal phases, and 3 equal phases were defined for the humeral lowering arc. For each phase of elevation and lowering, scapular rotation and GH elevation were plotted against each other, and SHR was calculated for each trial ( Figure 3) . Delineation of the phases of motion within each arc of humeral motion was performed to allow for comparisons while minimizing anthropometric variability and has been cited as a method by which to assess SHR more accurately. 20 Furthermore, this data processing technique Figure 2 . Arc of motion divided into phases for humeral elevation and lowering. Humeral motion was plotted against time, and the maximum point of elevation was determined for each trial. Total arc of motion achieved during the humeral elevation was calculated by subtracting the point at which humeral elevation was initiated (baseline) from the maximum point of elevation. The arc of motion was divided into 3 equal segments and labeled as phases I, II, and III for humeral elevation and phases IV, V, and VI for humeral lowering. Adapted from the Journal of Shoulder and Elbow Surgery, 17(1), Scibek JS, Mell AG, Downie BK, Carpenter JE, Hughes RE, Shoulder kinematics in patients with fullthickness rotator cuff tears following a subacromial injection, 172-181, 2008, with permission from Elsevier. 10 Figure 3. Diagram for scapulohumeral rhythm calculation with respect to the slope of the regression. The slope obtained during the simple linear regression analyses corresponded to scapulohumeral rhythm. These calculations represent scapular upward-downward rotation phase I. The solid line represents real motion for the humerus (elevation) and scapula (scapular rotation); the dashed line represents the line based on the slope for the linear regression. The same calculations also were performed for scapulohumeral rhythm for anterior-posterior tilt and scapulohumeral rhythm for medial-lateral tilt for each phase of elevation and lowering.
was used in a previous study to compare shoulder kinematics associated with humeral elevation between groups of both healthy and impaired subjects. 6 Simple linear regression analyses were used to compute SHR relative to triplanar scapular tilt with the slope corresponding to SHR. The regression analyses were performed for each of the 3 individual phases associated with both elevation and lowering.
Data Analysis
Means and SDs were calculated for preinjection pain, change in pain, SHR Rotation , SHR AP Tilt , and SHR ML Tilt for each plane of elevation. Three sets of Spearman correlation analyses were conducted to determine if any relationship existed between (1) preinjection pain and preinjection SHR, (2) change in pain and change in SHR (preinjection to postinjection), and (3) tear size and SHR. Spearman correlation analyses were used because both pain scores and tear sizes were tabbed as ordinal data. The criteria used for evaluating the strength of correlation coefficients were as follows: 0.00 to 0.25 equaled no or little relationship; 0.25 to 0.50, fair relationship; 0.50 to 0.75, moderate to good relationship; and .0.75, good to excellent relationship. 21 To perform the multivariate analysis of pain and tear size as predictors of SHR, the following model was used:
where Y i is SHR for the ith patient, X i1 is the pain score for the ith patient, X i2 is the tear size for the ith patient, b 0 is the y intercept, b 1 is the regression coefficient for pain, b 2 is the regression coefficient for tear size, b 3 is the interaction term for pain and tear size, and e i is the error for the ith patient.
For SHR Rotation , SHR AP Tilt , and SHR ML Tilt , we conducted a multivariate analysis for each plane of elevation across each phase of humeral elevation and lowering. Through this analysis, we were able to observe whether pain and tear size contributed to the model independently and/or collectively. Additionally, a Spearman correlation analysis was used to identify any relationship between pain and tear size.
For all of the statistical analyses, the a level was set a priori at .05. All statistical analyses were performed using SPSS (version 13.0; SPSS, Inc, Chicago, IL).
RESULTS

Pain Versus SHR
As Scibek et al 10 reported, changes were observed in SHR during humeral elevation and lowering after a decline in pain (Table 2) . Positive relationships were identified between initial pain and SHR for each scapular motion across both phases and planes of elevation (Table 3) . These direct linear relationships indicated that patients experiencing higher levels of pain also exhibited higher values for SHR, corresponding to an increased reliance on scapular contributions to overall humeral motion. The data presented in Figure 4 indicate the positive linear relationships observed between preinjection pain and SHR for the phase that was identified as statistically significant with respect to scapular motion and plane of elevation.
Linear relationships also were identified between the change in pain levels and changes in SHR (Table 4 ). The correlation analyses revealed moderate-to-good positive linear relationships for SHR ML Tilt in phase IV of frontalplane elevation and in phases IV of sagittal-plane elevation. Unlike the relationships observed between preinjection pain and SHR, no positive correlations were identified between change in pain and changes in SHR Rotation and SHR AP Tilt for sagittal-, scapular-, or frontal-plane humeral elevation and lowering.
Tear Size Versus SHR
Upon review and analysis of the SHR data with respect to the tear size, it was evident that SHR tended to be higher in patients with larger RCTs (Table 5 ). These positive correlations indicated that, as tear size increased, SHR increased. These results further indicated that, because of the increase in full-thickness RCTs, the reliance on scapular contributions to overall shoulder motion increased to compensate for the structural deficit. The data presented in Figure 5 represent what we observed for the positive relationships that were identified for the respective phases in each plane of elevation.
Pain and Tear Size Versus SHR
Multivariate analysis showed that pain was an independent predictor of SHR Rotation , SHR AP Tilt , and SHR ML Tilt for each plane of shoulder elevation (Table 6 ). Tear size was identified as a contributor for SHR Rotation only for frontal-plane elevation. Additionally, remarkable interactions were identified between pain and tear size for frontal-, scapular-, and sagittal-plane elevation with respect to 14 5 0.507, P 5 .054).
Interparticipant Variability
Average SDs for preinjection and postinjection SHR were calculated by plane, scapular motion, and phase (Table 7) . A wide distribution of interparticipant variability was identified, with average SDs ranging from 0.040 to 0.471.
DISCUSSION
The purpose of this investigation was to identify the relationships between pain associated with RCTs, the size of the RCT, and SHR. We also attempted to identify whether pain and tear size, both independently and collectively, serve as predictors of SHR. We identified numerous positive relationships between initial levels of pain and SHR and between tear size and SHR. These results confirmed our belief that the extent of the RCT and pain associated with it affect movement of the scapula and humerus. However, our results did not overwhelmingly support a relationship between changes in pain level and changes in scapulothoracic contributions to overall shoulder motion. Our findings also indicated that pain levels associated with an RCT, independent of RCT size, contribute to the observed movement patterns of the shoulder.
Our data were consistent with our hypotheses that increased levels of pain are directly related to increased values of SHR in patients with RCTs and that pain is an independent predictor of SHR. We not only found an overwhelming amount of evidence when looking at the relationship between pain and SHR AP Tilt and SHR ML Tilt , but we also identified positive linear relationships for all 3 SHR ratios over each plane of humeral elevation. The relationships ranged from fair to excellent, with most falling within the moderate-to-good and good-to-excellent categories. However, we did not observe these positive relationships to the same extent when looking at the relationship between pain and SHR Rotation . Based on the results of the multivariate analysis, we noted that pain served as a factor in the prediction of SHR in patients with RCTs for each plane of humeral elevation. Although the role of SHR Rotation in shoulder kinematics continues to be emphasized, an ever-increasing body of knowledge supports the important contributions of both the anteriorposterior and medial-lateral tilting of the scapula to overall shoulder function and supports their possible implications with respect to shoulder injury and disability. 2, 3, 22, 23 The reason behind our limited number of significant findings with respect to SHR Rotation is unclear; however, these results do coincide with what investigators have observed when looking at changes in SHR after a reduction in pain. 10 Authors of some studies have indicated that patients experiencing shoulder impingement exhibit reduced scapular motion, which results in limited acromion clearance and added compression of subacromial structures. 1, 2 However, little evidence is available to support whether these changes in shoulder kinematics are causing the pain and dysfunction associated with the condition or whether these changes are the cumulative effect of the impingement and pain. Although investigators have observed altered kinematic patterns in patients with RCTs, the association between pain and altered kinematic patterns has not been established. 6, 7, 9 The positive relationships that we identified show that, as pain levels associated with an RCT increase, SHR also increases, indicating that changes in SHR may be, in part, a compensatory reaction to overall pain associated with an RCT.
We also identified positive linear relationships between changes in pain and changes in SHR. However, these relationships were not observed to the anticipated extent, based on the relationships identified between initial pain levels and SHR. Significant relationships were categorized as moderate-to-good positive linear relationships. However, these results were sporadic, were not present for all 3 planes of humeral elevation, and did not extend throughout the measures of triplanar SHR. These relationships were only identified for SHR ML Tilt for phase IV of frontal-plane elevation and phase IV of sagittal-plane elevation. As a result, clinicians must remain cautious in supporting our hypothesis regarding the relationship between changes in pain and SHR after a lidocaine injection.
Drawing further conclusions on the selective relationships observed between changes in RCT pain and changes in SHR is difficult. The chronic nature of the injury and the long-term pain associated with it could affect the relationship. Chronic pain likely led to certain adaptations in the movement pattern and muscle activity. 24 Although the literature 2, 3, 4, 6, 7, 9, 25 supports the idea that patients with shoulder disorders rely on compensatory mechanisms to cope with pain and damage associated with RCTs and shoulder impingement, investigators [26] [27] [28] [29] [30] [31] have shown that modifications in stimuli and exposure to practice and teaching elements foster reorganization in movement patterns and adaptations associated with brain functioning, both immediately and over time. Although some of the SHR changes correlated with the immediate changes in pain, it is unrealistic to believe that all of these formerly acquired kinematic patterns could be eliminated upon the immediate reduction in pain, especially because many of these patients had been experiencing pain for a long time. The positive linear relationships identified for tear size indicate that, as RCT size increases, SHR increases, which translates to a greater reliance on scapular contributions to overall shoulder motion in patients with larger RCTs. Our findings again were consistent with our hypothesis and provided additional support to the idea that compensatory scapular kinematic patterns are adopted to compensate for alterations in the ability of the rotator cuff to function. Participants in the moderate, large, and massive RCT groups could generate the necessary muscle activity and force to perform humeral elevation and to move between the anthropometrically aligned triggers used in the study. However, compared with their counterparts, patients with large and massive RCTs relied to a greater extent on scapular motion to achieve the same degree of overall humeral motion, translating into a relative shift in contributions of the scapula and humerus to compensate for the disruption in the rotator cuff. The results obtained regarding tear size and SHR corroborate similar findings by Mell et al, 5 who assessed differences in SHR among healthy controls, patients with small or moderate RCTs, and patients with large or massive tears. We both noted that, as the size of the RCT increased, the reliance on scapular contributions to humeral elevation also increased. Although we both identified similar variations in SHR as the extent of the injury changes, the exact reason behind these adaptations is unclear. The lack of significant findings throughout each phase for scapular motion, however, also remains puzzling. The absence of research findings in this area makes it difficult to further explain our findings. Additional investigation may be necessary to determine whether an interaction exists between tear size location and both plane and phase of humeral elevation. Unlike our findings for the linear relationship between tear size and SHR, our results indicated that tear size is a contributor to, but not an independent predictor of, SHR. One instance of statistical significance was identified for frontal-plane SHR Rotation , with only 2 other instances approaching significance. Again, clinicians must cautiously consider our hypothesis concerning tear size as an independent factor in the prediction of SHR, and the mechanisms behind these significant relationships between tear size and SHR need to be further studied. Although a relationship does appear to exist between tear size and SHR, the true involvement of the RCT and the compensatory mechanisms around the shoulder for rotator cuff insufficiency are not as well understood.
Although pain and tear size collectively could contribute to the scapulohumeral kinematic patterns observed in our patients with RCTs, our results provide little evidence to support this hypothesis. We identified only 1 statistically significant interaction between pain and tear size, with 2 other interactions approaching the level of significance. When statistical significance was achieved or approached by 1 or more factors, the model accounted for a large percentage of the variability. However, much of that could be attributed to the independent involvement of pain, followed by tear size and then by the limited interaction of both factors. Although a positive relationship may exist between tear size and pain, the extent to which they interact and, thus, collectively affect SHR, is still unknown. In kinematic studies of patients with symptomatic RCTs, researchers 6, 7, 9 have observed increased scapulothoracic contributions during humeral elevation and have speculated on the involvement of pain and tear size. Furthermore, they have tabbed the resultant increase in scapulothoracic contributions as an attempt to limit pain associated with the tear and to facilitate the adjustment of length-tension relationships of the existing rotator cuff muscles. 6, 7, 9 Although our results are not overwhelmingly favorable regarding the interaction between pain and tear size and their effect on SHR, we are the first to have specifically examined the involvement of pain and tear size collectively on shoulder kinematics in patients with symptomatic fullthickness RCTs.
Limitations and Future Research Considerations
With the design of our study, we were unable to determine by what mechanism pain is causing these shoulder kinematic patterns. However, because of the observed influence of pain on SHR, further investigation is required. Similar to previous studies involving lifting mechanics 32 and gait patterns, 33 our results provide evidence to support the effect of pain on body mechanics. The mechanisms by which pain alters kinematics may include changes in muscle activity, 34 muscle inhibition, 35, 36 decreases in proprioception and kinesthetic awareness, 37, 38 and alterations in neuromuscular control. 39 Although the use of a lidocaine injection may have affected any one of these mechanisms, the lidocaine may have decreased pain and muscle inhibition, resulting in the relationships that we observed between pain and SHR. Modifications in study design would be necessary to truly ascertain this information. Furthermore, researchers investigating the involvement of chronic pain and muscle inhibition specifically should attempt to address both the documented physical 24 and psychosocial factors 35, 36 involved.
Continued investigation into the mechanical modifications due to rotator cuff deficiency also is required. Relationships between tear size and SHR have been identified in this and another study 5 ; yet the biomechanical explanation for this phenomenon is still only speculative. Our results and the ability of each patient to perform the required tasks indicate that compensatory shifts in SHR enhance the length-tension relationships of the rotator cuff in an effort to combat limitations caused by structural deficiency. Additionally, little is known about the effect of tear location and configuration on shoulder kinematics and function. Future investigation into these areas could provide additional insight into the effects of rotator cuff injury on SHR.
When considering the relationships observed between tear size and SHR, note the large intersubjects variability with respect to SHR and the potential outliers associated with the correlation analyses. Based upon the current body of knowledge regarding shoulder kinematics, the reason that some of our patients experienced a negative SHR that was equal in magnitude to others in the same tear size group is unclear. Consideration must be given to the movement environment and the potential need for an increased level of control to reduce potential sources of between-subjects variability. However, we also must consider the findings of other investigators 2,6,10,40 who identified shoulder kinematic patterns in injured shoulders that stray from what is normal in magnitude, direction, and presentation and must consider that the patterns that we observed, in fact, may be the clinical presentation of SHR in a subset of patients with RCTs. Additionally, some readers may question the limited number of participants and the inclusion of data points on the scatter plot that could present as outliers in other data sets. Future researchers should include both a larger sample size and even distribution of those patients over the respective tearsize groups. However, because of the limited amount of research addressing RCTs and shoulder kinematics, clearly identifying whether some of the data points from our data set are indeed outliers or are consistent for this patient population is difficult. The current literature might suggest that the inconsistencies being observed in the data are, in fact, consistent for this patient population and require further investigation.
When quantifying shoulder kinematics in patients with full-thickness RCTs, future investigators may need to consider additional clinical elements, including capsular patterns, [40] [41] [42] muscle length, 43 muscle fatigue and strength, 23, [44] [45] [46] and rehabilitative efforts 4,47 because they may have had an effect on our findings. Patients included in our study had no other shoulder disorders; however, evidence presented on patients with adhesive capsulitis, 41, 42 multidirectional instability, 40 and shortened pectoralis minor length 43 suggests that careful evaluation of capsular patterns and muscle length is warranted because of observed differences in, and their abilities to contribute to, shoulder kinematic patterns. The role of rotator cuff and scapula-stabilizing muscle strength in shoulder kinematics also has been examined. 20, 23, 45, 47 Muscle fatigue and movement of the shoulder against external resistance or loading in some cases has been shown to affect SHR. 20, 23, 45 A small amount of evidence suggests that shoulder strengthening and stretching exercises influence shoulder kinematic patterns. 47 However, limited quantitative data are available to compare the strength of specific muscles with selected scapulohumeral movement patterns. 44 We manually measured shoulder ranges of motion and strength before testing, but employing an isokinetic or handheld dynamometer both before and after the injection may be useful in confirming the effect that pain reduction has on muscle strength and the potential role that specific muscle strength may have on scapular kinematic patterns. Additionally, although some patients were engaged in a rehabilitation program at the time of testing and others had been involved before testing, the specifics of those rehabilitation efforts (ie, rotator cuff and scapula-stabilizing muscle strengthening) were unknown. Certainly, the areas of emphasis within each program could have implications for the shoulder kinematic patterns observed in patients with shoulder disorders; however, we are uncertain to what degree the programs themselves and the variability among them would have on observed shoulder kinematic patterns. 4, 47 Clinical Relevance Based on our findings, the ability of the clinician to properly manage pain associated with an RCT has major implications for shoulder motion. Before repair of an RCT, restoration of ''normal'' shoulder function will remain a challenge because of the chronic nature of this injury, the pain associated with it, and the amount of structural damage involved. However, the compensatory kinematic adaptations both to pain and to the RCT will enable the patient to maintain shoulder function, so our attention to pain control and scapulothoracic function, which is a cornerstone in shoulder rehabilitation, 48, 49 is even more critical. Although our results do not provide insight into long-term pain control, it is plausible that, with added pain relief and rehabilitation, an additional effect on these kinematic patterns may be observed. The acquisition of movement patterns developing over some period as the body adapts to new and repeated stimuli is well documented. [26] [27] [28] 30, 31 As we sporadically observed, certain aspects are assimilated rapidly; however, others require additional time to materialize. Typically, the goal of both the patient and the clinician is to make progress during individual rehabilitation sessions and over time. Multiple factors (ie, pain, tissue healing, and improvements in motion and strength) could influence those developments during the recovery process, with each factor contributing to the restoration of optimal function. Scapulohumeral rhythm may continue to be challenged if the structural deficiency is not corrected, but, to facilitate their outcomesbased rehabilitative efforts, clinicians must continue to monitor and quantify adaptations in kinematic patterns as pain levels change and progression in the rehabilitation process occurs.
